October 15, 1945 04.6 POWERPLANT INSTALLATION 04.60-04.69

04.60 ENGINES.

Engines shall be a type and design which has been type certificated, or found eligible for use in
certificated aircraft, in accordance with the requirements of Part 13 or shall have been approved as
airworthy in accordance with previous regulations.

The required information may be obtained by observing the engine behavior throughout the entire tests.
The following suggestions are offered:

Engine vibration should feel normal at all operating speeds and should not result in harmful shaking or
vibration of instruments or other component parts of the airplane.

Where installations include flexible mounting and engine movement in large, flexible joints,
commensurate with engine movement will be required in all fuel and oil lines, controls, manifolds, and
cowling to insure satisfactory service life.

Consideration must be given to the arrangement and operation of engine controls and instruments. All
units must be easily operated from the pilot's seat and so arranged as to minimize the possibility of abrupt
or inadvertent operation.

04.61 PROPELLERS.

Propellers shall be of a type and design which has been certificated as airworthy in accordance with the
requirements of Part 14 or shall have been approved as airworthy in accordance with previous
regulations, except that wood propellers or a conventional type for use in light airplanes need not be
certificated. In certain cases maximum engine bore limitations are also assigned to propellers. Propellers
may be used on any engine provided that the certified power ratings, speed ratings, and bore of the
engine are not in excess of the limitations of the propeller as certificated, and further provided that the
vibration characteristics of the combination are satisfactory to the Administrator.

The propeller as installed on the aircraft must permit the clearance provided in 04.611. The "Minimum
Permissible Diameter" which will be listed for propellers on the aircraft specification is that of the smallest
propeller tested, multiplied by .98. This 2 percent margin is arbitrarily chosen as being the maximum
permissible reduction in diameter of a given propeller which will not noticeably reduce performance. It
also provides a margin to allow dressing down of metal propellers in service.

Fixed or adjustable pitch propellers.--The Aircraft Specification for each newly certificated aircraft
equipped with a fixed or adjustable pitch propeller will specify the following propeller limitations.

Static rpm at maximum permissible throttle setting:
(Not more than____rpm

(Not less than rom
Diameter:

(Not more than inches
(Not less than inches

Normally propellers made from wood will require a different range of static rpm limits than metal
propellers. The basis for the preceding limitations is summarized here for convenient reference.



Maximum static rpm.--The maximum permissible static rpm will be the lower of the two static rpm values
determined by the methods shown below:

a. Using the propeller having both the smallest diameter and lowest static rpm with which compliance with
the Steady Rate of Climb, Take-off Distance and First Minute Climb requirements can be met:

Maximum permissible static rpm = Rated engine rpm - (rpm at the best rate of Climb Speed - Lowest
Static rpm).

b. Using a propeller having both the largest diameter and highest static rpm for which approval is desired,
the power-off rpm at placard Vg speed must not exceed 110 percent of the rated rpm of the engine at
METO power.

Minimum static rpom.--The minimum static rpm will be established by the propeller having both the
smallest diameter and lowest static rpm used in demonstrating compliance with the Steady Rate of Climb,
Take-off Distance, and First Minute Climb requirements.

Maximum diameter.--The maximum disaster will be the smaller of the two values determined by the
methods shown below:

a. Maximum diameter which will permit the clearances specified in 04.611. (Landplane 9 inches ground
clearance, seaplane 18 inches water clearance. At least 1-inch clearance between propeller tips and
structure.)

b. Maximum diameter used in placard Vg dive tests described (b) , "Maximum Static rpm".
Minimum diameter.--The minimum diameter will be the diameter of the smallest propeller used to

demonstrate compliance with the Steady Rate of Climb, Take-off Distance and First Minute Climb
requirements as described in "Minimum Static rpom" multiplied by a factor of 0.98.

To demonstrate that the vibration characteristics of the propeller are satisfactory in any given installation
the blade vibration stress should be measured under flight conditions. Past experience has indicated that
this procedure is necessary with all propellers, except wood types. In some cases it is possible to
determine the effect of changes or slightly new combinations by ground tests or comparisons of previous
data, but in most cases flight tests for this purpose are necessary. The propeller manufacturers have the
stress measuring equipment necessary to accomplish these tests and will furnish the results to the CAA
together with their recommendations with respect to approval.

04.610 CONTROLLABLE PITCH. The control mechanism shall be designed and equipped with a positive
stop which shall limit the minimum pitch so that the take-off crankshaft speed for which the aircraft is
certificated is not exceeded during take-off with take-off power unless it is necessary to so locate the stop
that a higher crankshaft speed may be used in an emergency. The means provided for controlling the
pitch shall be so arranged as to minimize the attention required from a pilot to prevent the engines from
exceeding their crankshaft speed limitations under any flight condition.

Controllable propellers.-- The high pitch stop should be such that 110 percent of METO rpm will not be
exceeded in power-off dives at placard "Never Exceed" speeds.

Constant speed propellers.-- A control stop should be provided which will limit the low pitch range to the
maximum permissible take-off rpm.

All stops should, when practicable, be located at the propeller governor or hub in order to reduce to a
minimum the adjustments required in service.



Full feathering propellers.-- Comments regarding requirements for control stops on constant speed
propellers are also pertinent to full feathering propellers. The mechanism should be operated in flight to
demonstrate satisfactory operation to full feathering position. These checks can usually be made during
tests for one engine inoperative performance.

Add following to "Controllable propellers": --

The positive low pitch stop in the hub should be so located that the allowable take-off rpm is not
exceeded during the take-off and initial climb at best rate of climb speed at the maximum permissible
take-off manifold pressure.

Substitute for the first sentence after "Constant Speed Propellers":--

The positive low pitch stop in the hub should be so located that the maximum static rpm of the engine
does not exceed the allowable take-off rpm with maximum permissible take-off manifold pressure and no
wind.

04.611 PROPELLER CLEARANCE. Propellers shall have a minimum ground clearance of 9 inches when
the airplane is in a horizontal position with the landing gear deflected as it would be under the maximum
authorized weight of the airplane. Propellers on seaplanes shall clear the water by at least 18 inches
when the seaplane is at rest under the maximum authorized load condition. A clearance of at least 1 inch
shall be provided between the tips of propellers and any part of the structure.

If the airplane is so designed that the normal ground attitude is more critical, from the standpoint of
decreasing propeller clearance, than the horizontal attitude then the clearance should be measured in the
normal ground attitude. The location of the center of gravity position should be such as to produce the
most critical condition and shock struts and tires should be checked for recommended pressures before
making measurements.

A minimum clearance of 1/4-inch between the blade or hub and the cowling is recommended, and if
variable pitch propellers are used this clearance should exist under the feathered or highest pitch
condition.

04.62 FUEL SYSTEMS.

04.620 CAPACITY AND FEED. The fuel capacity shall be at least 0.15 gallon per maximum (except take-
off) horsepower for which the airplane is certificated. Air pressure fuel systems shall not be used. Only
straight gravity feed or mechanical pumping of fuel is permitted. The system shall be so arranged that the
entire fuel supply may be utilized in the steepest climb and at the best gliding angle and so that the feed
ports will not be uncovered during normal maneuvers involving moderate rolling or slide slipping. The
system shall also feed fuels promptly after one tank has run dry and another tank is turned on. If a
mechanical pump is used, an emergency hand pump of equal capacity shall be installed and available for
immediate use in case of a pump failure during take-off. Hand pumps of suitable capacity may also be
used for pumping fuel from an auxiliary tank to a main fuel tank.

The capacity of each tank is to be determined by placing the airplane in its normal ground attitude and
filling the tank by means of a measuring pump or a container of known capacity. The tank quantity gauge
is to be calibrated with the airplane in the level flight attitude. When required, the wobble pump must be
so installed that its control is immediately available to the pilot should the engine pump fail. The
emergency pump pressure relief valve should be adjusted to ensure satisfactory fuel pressure and
preclude excessive flooding of the carburetor when the pump is operated. See CAM 04.725 re flight
check of Fuel System Operation.

04.621 TANK INSTALLATION. No fuel tank shall be placed closer to an engine than the remote side of a
firewall. At least one-half inch clear air space shall be allowed between the tank and firewall. Spaces



adjacent to the surfaces of the tank shall be ventilated so that fumes cannot accumulate or reach the
crew or passengers in case of leakage. If two or more tanks have their outlets interconnected they shall
be considered as one tank and the air space in the tanks shall also be interconnected to prevent
differences in pressure at the air vents of each tank of sufficient magnitude to cause fuel flow between
tanks. Mechanical pump systems shall not feed from more than one tank at a time except by special
ruling from the Administrator.

Tank supports should be padded to minimize vibration and preclude the possibility of chafing. Materials
used for padding should be non-absorbent, or treated to prevent the absorption of liquids. The attachment
to the supporting structure must be secure and sufficiently rigid to prevent movement or shifting.

All fuel tanks in passenger compartments should be enclosed by a well ventilated and drained enclosure
to prevent fumes from accumulating or reaching passengers in the event of leakage. In small aircraft,
however, tanks of 25 gallons or less, located in the forward position of the cabin, ahead of the instrument
panel, need not be enclosed if an excess of ventilation is provided.

If special fuels (high octane for take-off) are to be carried in the airplane, the filler opening should be
properly marked and a suitable placard installed at the cockpit fuel valve controls to insure that the proper
tank will be used during take-off.

04.622 TANK CONSTRUCTION. Each fuel tank shall be provided with either a sump and drain located at
the point which is lowest when the airplane is in a normal position on the ground or outlets at the bottom
of the tank provided with large mesh finger strainers. If a sump is provided, the main fuel supply shall not
be drawn from the bottom of this sump. If no sump is provided the system drain shall be controllable from
the pilot's compartment and shall act as a tank drain. Each tank shall be suitably vented from the top
portion of the air space. Such air vents shall be so arranged as to minimize the possibility of stoppage by
dirt or ice formation. When large fuel tanks are used, the size of the vent tubes should be proportioned so
as to permit rapid changes in internal air pressure to occur and thereby prevent collapse of the tanks in a
steep glide or dive. Tanks of 10 gallons or more capacity shall be provided with internal baffles unless
suitable external support is provided to resist surging.

Each fuel tank should be designed to incorporate an expansion space of at least 2% of the total tank
volume. If possible, the filler neck should be so located that this expansion space cannot be inadvertently
filled while the airplane is in the normal ground attitude. However, it will be acceptable to locate the
"FULL" mark on the gauge or in the filler neck at a point which will provide a 2% expansion space when
the fuel is at that level. A placard stating that the fuel level should not exceed a certain point (which will
allow a 2% expansion space) is also considered sufficient. Each tank should be vented from the top
portion of the air space in the tank to permit a sufficient flow of air to equalize internal and external
pressures during rapid changes in altitude or the removal of fuel from the tank.

Vents and vent lines should be suitably arranged to avoid the collection of water and should be so
designed and installed as to preclude the possibility of their becoming clogged by ice or dirt in flight or
servicing operations. In the small tanks usually installed in light airplanes where ventilation is
accomplished by pin holes in the filler cap, two or more such holes should be provided in the cap for safe
operation; where the float and rod type fuel quantity gauge is used, the clearance hole for the rod is
considered adequate venting as this type of venting, due to the vibration of the rod, has proved
satisfactory in service.

An airspace balancing line must be provided when tank outlets are interconnected, in order that such
tanks will not "pump over" and over-flow or feed unevenly due to air pressure differentials.

If a controllable system drain is used for a tank drain it should be so arranged as to also permit draining
the strainer sump while in flight.



04.623 TANK STRENGTH. Fuel tanks shall be capable of withstanding an internal test pressure of 3-1/2
pounds per square inch without failure or leakage. Fuel tanks of large capacity which have a maximum
fuel depth greater than 2 feet shall be investigated for the pressure developed during the maximum limit
acceleration with full tanks. Tanks shall be so designed, and the rivets or welds so located, as to resist
vibration failures or leakage.

04.624 GAUGE. A satisfactory gauge shall be so installed on all airplanes as to indicate readily to a pilot
or flight mechanic the quantity of fuel in each tank while in flight. When two or more tanks are closely
interconnected and vented, and it is impossible to feed from each one separately, only one fuel-level
gauge need be installed. If a glass gauge is used, it shall be suitably protected against breakage.

The tank gauge accuracy must be checked by placing the airplane in its level attitude and filling each tank
by adding successively quarters (or less) of the tank capacity as determined in 04.620.

04.625 LINES AND FITTINGS. All fuel lines and fittings shall be of sufficient size so that under the
pressure of normal operation the flow is not less than double the normal flow required for take-off engine
power. A test for proof of compliance with this requirement shall be made. All fuel lines shall be so
supported as to prevent excessive vibration and should be located so no structural loads can be applied.
Bends of small radius and vertical humps in the lines shall be avoided. Copper fuel lines which have
been bent shall be annealed before installation. Parts of the fuel system attached to the engine and to
the primary structure of the airplane shall be flexibly connected thereto. Flexible nose connections and
fuel lines shall have metal liners or the equivalent. Fittings shall be of a type satisfactory to the
Administrator.

Product and Process Specification No. 3 lists flexible hoses which have been approved for use in
airplanes. (Note:-- Metal liners are not now required in flexible hose connections.) The fuel lines should
slope toward drains so as to form a downward angle of at least 3 degrees with the airplane in the normal
ground attitude. Vertical humps in lines tend to form airlocks and should be avoided. Low points in fuel
lines should also be avoided as they often collect water which freezes at high altitudes or when cold air is
encountered in flight, thus shutting off the fuel supply. Fuel lines should not be routed in close proximity to
the exhaust unless suitable precautions are taken to preclude possibility of fire due to leakage or of vapor
lock due to elevated temperatures.

The ends of all tubes having outside diameters greater than 3/8" used in flexible hose connections should
be beaded. A fuel feed line size of less than 3/8 O.D. x .032 tubing with corresponding fittings should not
be used unless properly substantiated. If the combined length of the feed lines and fittings from the tank
to the carburetor is in excess of 10 feet, the size of the line should not be less than 1/2 x .035 O.D. tubing.

The fuel flow requirements of this part are interpreted in two ways depending upon whether the fuel
system is gravity or pump operated.

Gravity Systems. The normal flow required for take-off power is interpreted to be .6 pounds per take-off
brake horsepower per hour. Using this figure, it is necessary in order to show compliance with the double
flow requirement, that one gallon of fuel shall flow at the carburetor inlet or bowl in not more than:

BHP Seconds, where

BHP is take-off brake horsepower for one engine. Compliance must be demonstrated by test for each
tank and with the airplane, if a conventional tractor type, either at the normal ground attitude or the
attitude of best angle of climb, whichever is critical. "Critical" in this case means producing the lower
hydrostatic head at the carburetor.



Pump Systems. In the case of pump systems, double flow is interpreted to mean .9 pounds per take-off
brake horsepower per hour or 110% of the take-off specific fuel consumption guaranteed by the engine
manufacturer, whichever is greater. In order to show compliance with the requirement it is necessary that
one gallon of fuel shall flow at the carburetor inlet or bowl in not more than:

24,000
BHP Seconds, or

21,600 Seconds, where
B.H.P. x 1.1 (T.O. Specific Fuel Consumption)

BHP is take-off brake horsepower of the engine or engines fed by the tank. Compliance must be
demonstrated by tests such as are described above for gravity systems.

Fuel system flow characteristics should be obtained with the entire fuel system as installed in the
airplane. The ability of the lines and fittings to provide sufficient flow is more readily determined by this
method and separate investigations of each item are avoided. Gasoline of the physical properties and
octane to be used in service should flow at the rate specified above at the pressure recommended by the
carburetor or engine manufacturer for satisfactory operation of the installation involved. In the case of
gravity systems, the hydrostatic head at the carburetor inlet, with the airplane in the critical attitude as
regards fuel flow and with low fuel (see 04.725) in the tank, should be equal to or greater than the
minimum pressure so recommended.

The flow will be measured at the float chamber drain or jet drain when possible with float type carburetor
and at the inlet with other types. When these drains are used they may be restricted to that the carburetor
needle valve will furnish the required pressure.

All systems require official demonstration with flight operating conditions duplicated on the ground. This
includes gravity, engine driven pump and wobble pump systems. For purposes of the ground tests, the
engine driven pumps may be driven by electric motors duplicating the take-off speed of the pump. In
some instances, however, it may be possible to determine that engine driven pumps are satisfactory
based upon the manufacturer's data; e.g., when the pump rating is greatly in excess of the capacity
required.

The following procedure is recommended in conducting the necessary tests:

Critical Airplane Attitude. For conventional tractor airplanes the fuel tanks are all ordinarily aft of the
carburetor inlet. For this reason conditions grow less favorable for fuel flow the further the airplane is
rotated in pitch, "nose-up”. In order to determine the critical attitude in which the flow tests are to be
conducted, information concerning the attitude of the airplane with respect to the ground while flying at
best angle of climb is necessary. This information can be obtained, after the speed for best angle has
been obtained from the results of the testing required under CAR 04.702, by mounting a protractor in a
vertical plane in the airplane with its index line perpendicular to the airplane level datum, suspending a
plumb line from the center of the protractor, flying the airplane steadily at best angle of climb and reading
the angle at the intersection of the plumb line with the scale of the protractor. A similar reading may be
made with the airplane in the normal ground attitude. The greater of the two readings should be used for
the purpose of the tests.

Flow Tests. Prior to beginning tests the fuel system should be completely drained end the feed line to the
carburetor disconnected at the carburetor inlet. If this connection is made by means of a reducing nipple,
the nipple should remain attached to the line so that the flow will be measured through the nipple. For
each tank tested, the system should be set to feed from this tank only. Measured quantities of fuel should
be slowly added to the tank until steady flow is established at the carburetor end of the feed line. The total



quantity of fuel which has been added to the tank should be noted and recorded. Systems requiring an
excessive initial amount of fuel to produce steady flow are unsatisfactory since they tend to airlock.

Satisfactory flow should be obtained with low fuel as defined in CAM 04.725. One additional gallon of fuel
should be added to the tank and the time, in seconds, required for this gallon to flow should be observed
and recorded. In the case of pump fed systems, the hand pump is to be operated at not more than 120
strokes (or 60 cycles) per minute.

In the case of fuel systems which are symmetrical with respect to the plane of symmetry of the airplane,
one tank only of each such pair of tanks symmetrically located need be tested provided it is obvious that
the results of such test will be valid for both tanks.

Where flowmeters are installed, the system should either supply the required fuel flow at the carburetor
with the flowmeters in operation or in the event the flowmeter imposes sufficient restriction in the system
to prevent the attainment of this required flow, an adequate by-pass arrangement should be provided to
permit the fuel to by-pass the flowmeter at take-off. The system should then be placarded to the effect
that this by-pass must be opened for all takes-offs.

04.626 STRAINERS. One or more strainers of adequate size and design, incorporating a suitable
sediment trap and drain, shall be provided in the fuel line between the tank and the carburetor and shall
be installed in an accessible position. The screen shall be easily removable for cleaning.

04.627 VALVES. One or more positive and quick acting valves that will shut off all fuel to each engine
shall be within easy reach of the first pilot and the second pilot or of the flight mechanic. In the case of
airplanes employing more than one source of fuel supply, suitable provision shall be made for
independent feeding from each source.

Valves which require more than one turn for complete operation are not considered satisfactory. A vale is
not considered suitable or positive unless its on and off positions can be definitely Indicated at all times.
Notch stops should be such that they may be readily felt when operating the valve.

04.6270 DUMP VALVES. When fuel tanks are equipped with dump valves, the operating mechanism for
such valves shall be within convenient reach of the first pilot and the second pilot, or of the flight
mechanic. Dump valves shall be so installed as to provide for safe and rapid discharge of fuel.

04.628 DRAINS. One or more accessible drains shall be provided at the lowest point on the fuel systems
to completely drain all parts of each system when the airplane is in its normal position on level ground.
Such drains shall discharge clear of all parts of the airplane and shall be equipped with suitable safety
locks to prevent accidental opening.

04.629 MISCELLANEOUS FUEL SYSTEM REQUIREMENTS.

04.6290 FILLER OPENINGS. All filler openings in the fuel system shall be plainly marked with the
capacity and word "fuel." Provision shall be made to prevent any overflow from entering the wing or
fuselage.

The minimum fuel octane number should also be marked at the filler opening.

04.6291 PREVENTION OF ICE FORMATION. An adequate means shall be provided for preventing the
formation of ice in the engine carburetors. (See also Sec. 04.532(i).)

1. General



The intake and carburetor passages should be arranged so as to avoid insofar as practical, the formation
of ice. A hot air supply should be provided which is sufficient to permit sate operation under icing
conditions, except in the case of diesel or fuel injection engines to which special rulings are applied. The
use of any screen in the hot air system will only be permitted where over 100 degrees F. heat rise is
available for where a 40 degree F. heat rise is available together with a fluid deicing system is employed
and so located that deicing provisions on the screen, etc., are effective. A screen may be used in the cold
air intake provided it can be shown that no hazard exists if the screen should become clogged. A
separate cockpit control is necessary for each engine to permit the pilot or flight mechanic to vary the
carburetor air supply from full cold air to full hot air. This does not prevent the use of a two position heat
control when the heat rise available is comparatively low and a fluid deicing system is employed.

The amount of heat available will be determined by measuring the temperature of the air before it enters
the carburetor with the heat control in the fuel hot position. The heat rise is defined as the difference
between this temperature and the outside air temperature. Care should be exercised that the method of
measuring the temperature of the air as it enters the carburetor will give an indication of the average
temperature of the airflow through the intake and not just a stratum of air. This can be accomplished by
taking temperatures at several points it the cross-section of the air intake simultaneously and by being
assured that the "full heat" condition has fully stabilized before recording the reading. Temperature
measurements taken beyond the venturi are unsatisfactory. Any appreciable power lose due to heat or
decreased ram should be determined.

All carburetor air heat rise requirements must be met at an outside air temperature of 30 degrees F. with
the airplane in level flight at 75% maximum except take-off power.

Sea Level Engines With Conventional Venturi Carburetors. (Such as sea level engine with Stromberg or
Marvel circular venturi carburetor.) A minimum temperature rise of 90 degrees F. should be attainable
unless the intake manifold has design features near the venturi which contribute appreciably to raising the
mixture temperature or the temperature of intake passage. Where these features are present, a 60
degree rise may be considered satisfactory if based upon service experience under severe icing
conditions.

Altitude Engines with Conventional Venturi Carburetors. A minimum temperature rise of 120 degrees,
unless service experience with the type of aircraft has indicated that 110 degrees is satisfactory for the
particular operations involved, should be attainable. In such cases, a suitable heat indicator shall be
provided to guide the pilot in his use of intake heat.

Altitude Engines Incorporating a Cam Type Venturi or Injection System. One of the two following
requirements shall be met:

a. A minimum temperature rise of 40 degrees from a hot air source primarily dependent upon exhaust
heat, and an auxiliary emergency deicing system controllable from the cockpit utilizing alcohol, or other
suitable deicing fluid, which is suitably discharged in the intake system so as to remove carburetor and
adapter ice. The emergency system need only be used under extreme conditions, since compliance with
the 40 degrees F. heat rise available and other design precautions is intended to prevent the formation of
ice. Or,

b. A minimum temperature rise of 100 degrees with a suitable intake heat indicator. The hot air source
should be primarily dependent upon exhaust heat.

Method (a) above is considered preferable in view of adverse effects on engine reliability and power by
the sole use of method (b). Method (a) further requires less attention upon the part of the crew.

2. Test Procedure



The installation should be checked in accordance with the interpretation above. The propeller used
should be one which will not exceed 110% of the METO RPM in level flight at maximum permissible
throttle setting on the particular airplane being tested.

The aircraft should be loaded to gross weight with normal c.g. position. It is not necessary to refuel during
the test nor to keep account of fuel consumed.

For sea level engines with no manifold pressure gauge and with any except a constant speed propeller, it
will be necessary to obtain readings at a minimum of three different altitudes in order to interpolate the
heat rise at 75% power with an outside air temperature of 30 degrees. One altitude should be
approximately 500 feet above the ground, another at 8000 feet, and the third approximately the mean
between these two. In any case, the maximum outside air temperature variation should be utilized and a
minimum differential of 20 degrees is preferred if prevailing air temperatures ere 50 degrees or higher. In
the event an outside air temperature of 30 degrees F. is present at an altitude where a suitable range of
BHP can be attained for establishing the carburetor air heat rise at 75% METO power, the flight test need
only be performed at this altitude. For altitude engines with any type propeller, including constant speed,
the same procedure is applicable as is described for sea level engines above, except that the highest
altitude should be that at which 75% of rated power can be attained with full throttle..

For sea level engines, the airplane should be flown in level flight on full cold air and maximum permissible
throttle setting at the first of the chosen altitudes. After steady flight is attained, the following data should
be recorded:

(1) Outside air temperature

(2) Pressure altitude

(3) Carburetor Air Temperature
(4) Indicated airspeed

(5) Engine RPU

When this is done, and while maintaining level flight, briskly move the carburetor heat control to the full
hot position. (The control should operate in such a fashion that it will be unnecessary for the operator to
hold it "full on".) When the carburetor inlet air temperature has stabilized, the following data should be
recorded:

(1) Carburetor air temperature
(2) Indicated airspeed
(3) Engine RPM

Next reduce the IAS to 90% of the value obtained above at full throttle on full cold air while continuing in
level flight at the same altitude.

The same procedure should be repeated in this condition as above at full throttle and the same data
recorded.

The same procedure should be repeated at each altitude selected.

For altitude engines, the same procedure is applicable as for sea level engines above, except that
manifold pressure is recorded in addition to the data specified above.

3. Corrections of Flight Data

The data obtained above may be completed by means of the sample Carburetor Heat Rise Work Sheet
shown. A sample graph which illustrates the form the data takes when plotted is also shown.



Note: For supercharged engines equipped with manifold pressure gauges and any propeller, the work
sheet should be completed as explained for sea-level engines, with the exception that indicated power, is
read directly from the power curves for the engine.
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04.63 LUBRICATION SYSTEMS.

04.630 GENERAL. Each engine shall have an independent oil supply. The oil capacity of the system
shall be at least 1 gallon for every 25 gallons of fuel but shall not be less than 1 gallon for each 75



maximum (except take-off) rated horsepower of the engine or engines. A special ruling concerning the
capacity will be made by the Administration when oil may be transferred between engines in flight or
when a suitable reserve is provided. The suitability of the lubrication system shall be demonstrated in
flight tests in which engine temperature measurements are obtained. The system shall provide the
engine with an ample quantity of oil at a temperature suitable for satisfactory engine operation.

The total capacity for each tank should be determined by placing the tank in such position that it can be
completely filled. The expansion space is then the difference between this total capacity and the capacity
determined with the tank installed in the airplane and the airplane in its normal ground attitude. CAA
04.631 requires that this difference be not less than 10% of the total capacity (volume) of the tank nor
less than 1/2 gallon. One gallon is considered the minimum amount of oil satisfactory for engine operation
with respect to cooling temperatures.

04.631 TANK INSTALLATION. Qil tanks shall be suitably vented and shall be provided with an expansion
space which cannot be inadvertently filled with oil. Such expansion space shall be at least 10 percent of
the total tank volume, except that it shall in no case be less than one-half gallon.

04.632 TANK STRENGTH. Oil tanks shall be capable of withstanding an internal test pressure of 5
pounds per square inch without failure or leakage. Tanks shall be so designed and the rivets or welds so
located as to resist vibration failures and leakage.

04.633 GAUGE. A suitable means shall be provided to determine the amount of oil in the system during
the filling operation.

The calibration of the gauge should be made with the airplane in the normal ground attitude.

04.634 PIPING. Oil piping shall have an inside diameter not less than the inside diameter of the engine
inlet or outlet and shall have no splices between connections. Connections in the oil system shall be of a
type satisfactory to the Administrator.

04.635 DRAINS. One or more accessible drains shall be provided at the lowest point on the lubricating
systems to drain completely all parts of each system when the airplane is in its normal position on level
ground. Such drains shall discharge clear of all parts of the airplane and shall be equipped with suitable
safety locks to prevent accidental opening.

04.636 OIL TEMPERATURE. A suitable means shall be provided for measuring the oil temperature at
the engine inlet.

04.637 FILLER OPENINGS. Al filler openings in the oil system shall be plainly marked with the capacity
and the word "oil."

04.64 COOLING SYSTEMS.

04.640 GENERAL. The cooling system shall be of sufficient capacity to maintain engine temperatures
within safe operating limits under all conditions of flight during a period at least equal to that established
by the fuel capacity of the aircraft, assuming normal engine power and speeds. Compliance with this
requirement shall be demonstrated in flight tests in which engine temperature measurements are
obtained under critical flight conditions including flight with one or more engines inoperative.

1. General

safe operating limits " is interpreted to mean those maximum temperatures for which the
engine has been certificated. They are listed on the APPROVED ENGINE SPECIFICATIONS. For all



obsolete engines or those previously certificated for which temperature limits have not been established,
the following are applicable:

Cylinder Head: 550 degrees F.
Cylinder Barrel: 300 degrees F.
Oil Inlet to Engines: 200 degrees F.
" critical conditions " is interpreted to mean METO power on all engines or with one engine

inoperative at the corresponding speed for best rate of climb and, in the case of flying boats only, taxiing
on the water, all in air having the highest temperature likely to be encountered in the life of the airplane.
This maximum expected outside air temperature has been arbitrarily defined as 100 degrees F. at sea
level and to decrease from this value at the rate of 3.6 degrees F. per thousand feet of altitude above sea
level.

2. Acceptable Method

The following procedure should be used in conducting cooling tests:

For single engine airplanes stabilize cylinder and oil inlet temperatures immediately prior to commencing
the test. Take-off at full take-off power (reduce to METO power after one minute), climb at best rate of
climb speed, maintain METO power (or full throttle if above critical altitude) until at least five minutes after
the first occurrence of the maximum cylinder head, cylinder barrel, or oil inlet temperature, whichever
occurs last.

For multiengine airplanes stabilize cylinder and oil inlet temperatures in flight immediately prior to
commencing the test. At an altitude approximately 1000 feet below the critical altitude of the first blower
stage of the engines or 1000 feet below the altitude at which one engine inoperative best rate of climb is
50 feet per minute, whichever is lower, stop the coolest running engine by cutting off fuel supply and
place dead engine propeller in most favorable pitch position (high or feathered). Climb at one-engine
inoperative best rate of climb speed with operating engine(s) at METO power (or full throttle, if above the
critical altitude) until at least five minutes after the first occurrence of the maximum cylinder head, cylinder
barrel, or oil inlet temperature, whichever occurs last.

For long-range flying boats, in addition to the climb test described above, the following taxiing test should
also be conducted. Stabilize cylinder and oil inlet temperatures immediately prior to commencing the
tests. First, head down wind, accelerate to a speed which is below the hump speed by not more than 5
knots and maintain that speed for at least 10 minutes. Second, head down wind, accelerate to a speed
which is above the hump speed by not more than 5 knots and maintain that speed for at least 10 minutes.

During the above tests, record the following data at one minute intervals:

(1) Time (7) Indicated
Airspeed

(2) Hottest Cyl. Head Temp. (8) RPM

(3) Hottest Cyl. Barrel Temp. (9) Manifold
Pressure

(4) Oil Inlet Temp. (10) Air. Temp.
Engrg. Carb.

(5) Outside Air Temp. (11) Mixture
Setting

(6) Pressure Altitude (12) Throttle
Setting

Consideration should be given to the following items for such tests:



a. The PROPELLER used during the cooling test must be that permitting the highest RPM for which
approval is sought.

b. ALL INSTRUMENTS used during the cooling test must be calibrated and all CALIBRATION curves
submitted with the applicant's flight test report. Calibrations must be made of complete units as installed
for the official tests and shall be witnessed or accepted by a CAA Inspector immediately prior to or
following the official type tests.

c. No tests should be conducted under ATMOSPHERIC CONDITIONS in which moisture is visible in the
air.

d. The gross WEIGHT at take-off should be the maximum permissible take-off weight.

e. The cylinder having the hottest spark plug gasket will be considered the HOTTEST CYLINDER. The
determination of the hottest spark plug gasket will be verified by a CAA Inspector. The barrel
temperatures of the cylinder having the hottest spark plug gasket will be used in determining the cylinder
barrel temperatures. A description of the method of attaching the thermocouple and its location on the
cylinder barrel shall also accompany the flight test report.

f. The manufacturer's recommended SETTINGS of the CARBURETOR should not be altered for official
tests unless specifically approved.

g. If CHANGES have been made in the propeller, cowling, oil cooler or other features of the airplane
subsequent to the original certification of the airplane such that the cooling characteristics may be
adversely affected, such changes should be substantiated by submittal of data covering the changes and
by flight tests, if considered necessary, to demonstrate adequate cooling.

h. The cooling characteristics of the powerplant installation will be RECOMMENDED for APPROVAL
when the corrected calibrated temperatures are equal to or less than the "safe operating limits" as defined
under "General" above. The characteristics will be RECOMMENDED for DISAPPROVAL if the corrected
temperatures exceed these limits by any amount, however small.

3. Alternate Equivalent Method

If the cooling requirements outlined above under paragraph 2 cannot be met at the specified best rate of
climb airspeed, but can be met at a higher speed, compliance with the following alternate procedures will
be considered to provide equivalent satisfactory coolings.

a. Normal Category

(1) Single Engine Airplanes

(a) Airspeed-Limitation for Cooling Test. (CAR 04.702) The airspeed chosen for cooling must result in
the slope of the flight bath being equal to or greater than that which would result from the minimum
required rate of climb specified in

CAR 04.702 and the speed for best rate of climb. This is equivalent to increasing the minimum required
rate of climb specified in CAR 04.702 by the ratio of the cooling airspeed to the best rate of climb speed
and requiring that the rate

of climb at the cooling speed meet the increased minimum rate of climb.

(b) Temperature Gauges. A cylinder head and/or barrel temperature gauge will be installed as required
equipment unless it has been demonstrated that cylinder temperatures meet cooling requirements at .the




best rate of climb speed. The necessary marking indicating the maximum permissible limit must be shown
by a red radial line on the instrument(s).

(2) Multiengine Airplanes

(a) Airspeed Limitation for Cooling Test (CAR 04.702) The airspeed chosen for the cooling test shall not
be greater than that which will provide compliance with item (1)(a) above with all engines operating at
METO power. In all respects except airspeed, the cooling test must be conducted as described under
acceptable method in paragraph 2 above.

(b) One-engine Inoperative performance (CAA 04.723) The performance determined in accordance with
CAR 04.723 will be that obtainable at the alternate airspeed so selected for the cooling test.

(c) Temperature Gauges A cylinder head and/or barrel temperature gauge will be installed as required
equipment unless it has been demonstrated that cylinder temperatures meet the cooling requirements at
the one-engine inoperative best rate of climb speed. The necessary marking(s) indicating the maximum
permissible limit(s) must be shown by a red radial line on the instrument(s).

b. Transport Category

(1) Maximum One-engine-inoperative Altitude (CAR 04.7513-T) The airspeed chosen for the cooling
test must provide the performance required by CAR 04.7513-T and 04.750-T(c).

(2) Temperature Gauges Cylinder heads and/or barrel temperature gauge will be required as in item
a(2)(c) above.

4. Corrections of Flight Test Data

The observed data should be reduced to a standard which is based on approved correction factors and
maximum expected outside air temperatures. The correction factors and maximum expected outside air
temperatures must correspond to the respective pressure altitudes at which the maximum cylinder head,
cylinder barrel, and oil inlet temperatures first occur. The following corrections and correction methods
may be used: (Other factors must be satisfactorily substantiated.) The approved correction factors for
cooling air are as follows:

(1) Cylinder Head - - - - - - - - - - - - 1.0
(2) Cylinder Barrel - - - - - - - - - - - - 0.7
(3) Oil inlet to engine - - - - - - - - - - 1.0

For correction purposes the outside air temperatures observed at the time of the first occurrence of the
respective maximum temperatures of the hottest cylinder head, the hottest cylinder barrel, and the oil inlet
to the engine should be used.

Examples of applying the corrections are given below:

a. Cylinder Head Temperature Correction.

Corrected temperature

= Obs. Max. Cyl. Head Temp. + 100 - 3.6 (Obs. Alt.) - OAT
1000

Where O.A.T. = Outside Air Temperature.



b. Cyllinder Barrel Temperatu)

Corrected Temperature
= Obs, Max. Barrel Texp.

¢, 0il Inlet Temperature Cor
Corrected Temperature
= Obs. Max, 011 Temp. +

04.641 RADIATORS. Radiators shall be so mounted as to reduce vibration and eliminate strains
causing distortion.

04.642 PIPING. Piping and connections shall conform to accepted standards and shall not transmit
vibration to the radiator or the structure of the aircraft.

04.643 DRAINS. One or more accessible drains shall be provided at the lowest points on the cooling
system to drain completely all parts of such system when the airplane is in its normal position on level
ground. Such drains shall discharge clear of all parts of the airplane and shall be equipped with suitable
safety locks to prevent accidental opening.

04.644 FILLER OPENINGS. All filler openings in the cooling system shall be plainly marked with the
capacity of the system and the name of the proper cooling liquid.

04.65 POWERPLANT INSTRUMENTS, CONTROLS, AND ACCESSORIES.

04.650 INSTRUMENTS. The engine instruments required are specified in Sec. 04.5. The installation
requirements for navigation instruments in Sec. 04.5804 shall apply to tachometers and manifold
pressure gauges. All other instruments shall be visible in flight to the pilot and co-pilot or to the flight
mechanic. If the manifold pressure gauges and tachometers are not visible to the flight mechanic, he
shall be provided with a duplicate set of these instruments.

04.651 CONTROLS. All powerplant controls, including those of the fuel system, shall be plainly marked to
show their function and method of operation.



04.6510 THROTTLE CONTROLS. Throttle controls shall be easily accessible to both pilots and shall be
so arranged as to afford a positive and immediately responsive means of controlling all engines
separately or simultaneously. Flexible throttle control systems shall be of a certificated type. A forward
movement shall open the throttle.

All powerplant controls must be so designed as to resist wear and operate with a minimum of backlash.
Where cable controls are used, provisions must be made for adjustment and suitable pulley guards
installed. Stops should preferably be installed at the engine end of the control, with safety stops at the
cockpit end if necessary, so as to minimize adjustment and attention required in service. The controls
must be so designed that normal engine movement will not cause severe loads or "creeping" of the
controls.

Carburetor air intake controls and controls for air shutters in the cooling and oil systems should be
sufficiently strong to permit their operation under icing conditions.

Throttles should be arranged with a spring in the system at the carburetor so that in the event a breakage
of the control system occurs the throttle will move into a predetermined open position.

04.6511 IGNITION SNITCHES. Ignition switches shall be easily accessible to both pilots. A positive
means for quickly shutting off all ignition of multiengine aircraft, by grouping of switches or otherwise,
shall be provided.

04.6512 PROPELLER PITCH CONTROLS. Separate pitch controls shall be provided for each propeller.
04.652 ACCESSORIES (AIR CARRIER AIRPLANES). (See Sec. 04.5891.)
04.66 MANIFOLDING, COWLING AND FIREWALL.

04.660 GENERAL. All manifold, cowling and firewalls shall be so designed and installed as to reduce to a
minimum the possibility of fire either during flight or following an accident and shall therefore comply with
accepted practice in all details of installation not hereinafter specified.

04.661 MANIFOLDS. Exhaust manifolds shall be constructed of suitable materials, shall provide for
expansion, and shall be arranged and cooled so that local hot points do not form. Gases shall be
discharged clear of the cowling, airplane structure and fuel system parts of drains. They shall not blow
back on the carburetor air intake or the pilot or passenger, nor cause a glare ahead of the pilot at night.
No exhaust manifolding shall be located immediately adjacent to or under the carburetor or fuel system
parts liable to leakage.

Exhaust manifolds should be constructed of stainless steel, nickel chromium steel, or equivalent when
installed on engines of approximately 300 HP or over. Low carbon steel has been generally satisfactory
for use on lower powered engines when wall thicknesses not less than .049" for installations above 125
HP and .035" for 125 HP and under are used and the manifold is well cooled.

Manifolds should not be located under the cowling unless isolated from the accessory compartment and
well ventilated. Any portion of the manifold, within the accessory compartment must be shrouded except
that for installations on low powered engines, (less than 100 HP) the upper portions need not be
shrouded when such portions are tar from parts of fuel and oil systems and it can be shown that a fire
hazard does not exist. Shrouds or tunnels on engines of over 100 HP should be constructed of stainless
steel or equivalent.

No portion of the manifold, whether located within or outside of cowling, should be routed directly below
parts of the fuel or lubricating system which are likely to leak.



Exhaust outlets should be so located that gases will not enter pilot or passenger compartments. It should
be borne in mind that carbon monoxide, even when mixed with large quantities of fresh air as in open
cockpit airplanes, is extremely dangerous as this gas will accumulate in the body until a dangerous
quantity exists. The location of the outlets should also be such that there should be no glare ahead of the
pilot at night. Where outlets are below the engine, the openings should be away from the center line of
the cowl and pointed outward. A minimum distance of 10 inches laterally from the exhaust outlets to the
carburetor intake or drain will be considered satisfactory. Outlets should not be directly in line with fuel
system drains nor should the gases result in overheating of any part of the aircraft.

Sufficient cooling must be provided to eliminate local hot spots and to maintain temperatures well below
the scaling point of the material used. When tunnels or shrouds are used to isolate portions of the
exhaust manifold, positive ventilation must be provided by directing air between the shroud and manifold
unless it can be shown by tests that the most severe operating conditions will not produce excessive
temperatures. A temperature survey must be made whenever a doubt exists as to the adequacy of the
ventilation provided.

Provisions must be made for expansion and movement between cylinders and between manifold and
extensions.

(Also see CAM 04.665 re Heating Systems and absence of Carbon Monoxide.)

04.662 AIR INTAKES. Carburetor air intakes shall be suitably drained and shall open completely outside
the cowling unless the emergence of back fire flames is positively prevented. The drain shall not
discharge fuel in the path of possible exhaust flames.

Intake screens, if used, should be of large mesh (1,/2 inch or over) to minimize the possible accumulation
of ice and snow.

If a carburetor intake air heater is installed to comply with CAR 04.6291, the cockpit control should be so
designated as to "Pull for Heat" and otherwise be sufficiently rigid to eliminate tendency to "spring" when
operated after ice has started to form. In cases where shrouds over the exhaust manifold are used for
preheating the carburetor air, the quality and thickness of the manifold should be such as to minimize the
tendency to burn through. Means must also be provided in such installations to ventilate the exhaust
tubing, or intensifier tubes if used, when carburetor air preheat is not being used, unless the manufacturer
can establish , through temperature survey, that critical temperatures are not obtained in most severe
operating conditions. The assembly must be easily disassembled for inspection.

04.663 ENGINE COWLING. All cowling around the powerplant and on the engine side of the firewall
shall be made of metal and shall be so arranged that any accumulations of dirt, waste or fuel may be
observed without complete removal of the cowling. It shall fit tightly to the firewall, but openings may be
provided if the airplane surface within 15 inches thereof is protected with metal or other suitable
fireproofing material. The cowling shall be completely and suitably drained in all attitudes of flight and on
the ground, with separate drains provided for the parts of the fuel system liable to leakage. All such
drains shall be so located as to prevent fuel or oil from dripping onto the exhaust manifold or any parts of
the aircraft and from permeating any material of a cellular nature.

04.664 FIREWALL. A firewall shall be provided unless the engine is mounted in an isolated nacelle with
no fuel tanks. Such fire bulkhead shall be constructed in one of the following approved manners: (A) A
single sheet of terne plate not less than 0.028 inch thick. (B) A single sheet of stainless steel not less
than 0.015 inch thick. (C) Two sheets of aluminum or aluminum allow not less than 0.02 inch thick
fastened together and having between them an asbestos paper or asbestos fabric sheet at least 1/8 inch
thick.



04.6640 The firewall shall completely isolate the engine compartment and shall have all necessary
openings fitted with close fitting grommets or bushings. Adjacent inflammable structural members shall
be protected by asbestos or an equivalent insulating material and provision shall be made for preventing
fuel and oil from permeating it.

04.665 HEATING SYSTEMS. Heating systems involving the passage of cabin air over or in close
proximity to engine exhaust manifolds shall not be used unless adequate precautions are incorporated in
the design to prevent the introduction of carbon monoxide into the cabin or pilot's compartment. They
shall be constructed of suitable materials, be adequately cooled and be susceptible to ready disassembly
for inspection.

1. General

Heaters which utilize, exhaust heat must be so designed as to reduce to a minimum the possibility of
exhaust fumes entering the passenger or pilot's compartment. Intensifier tubes, when used, must be of
stainless or equivalent heat resisting steel. Muff type heaters, passing cabin air directly over the exhaust
manifold, may be used when the manifold is comparatively free from welds and expansion joints are well
sealed.

Provision must be made for ventilating the muff or intensifier tube when cabin heater is turned "off." This
can usually be best accomplished through the use of a bypass valve.

All parts of the heater unit must be capable of being readily disassembled for inspection.

Carbon monoxide content should not exceed 1 part in 20,000. This applies to all aircraft.

2. Test Procedure to Determine CO Content.

A carbon monoxide indicator should be used in determining compliance with the above requirement. The
instrument manufactured by the Mines Safety Appliance Company or the Bulb Type Colorimetric Indicator
may be used for this purpose, one of which is located at each Flight Engineering and Factory Inspection

Branch Office. The following procedure should be used:

The aircraft should be flown in level flight at METO power or as nearly so as possible. Carburetor should
be set Full Rich. With all windows closed, readings should be taken in at least the following locations:

a. Along the floor (approximately four inches above) in front of each occupant.
b. On each side of the cabin approximately a foot forward of each occupant.
c. A few inches in front of each occupant's face.

d. In front of the cabin heater opening(s) with heat on.

With windows partially open tending to produce a vacuum in the cabin, the same investigation should be
made as windows closed, except for the heater location.

The aircraft should then be flown in a glide with power off (idling) and readings taken a few inches in front
of each occupant's face with both windows open and closed as above.

The highest reading obtained at any of the above points shall not exceed .005.

04.69 MISCELLANEOUS POWERPLANT REQUIREMENTS.



04.690 MATERIALS. Fuel, oil and cooling systems shall be made of materials which, including their
normal or inherent impurities, will not react chemically with any fuels, oils or liquids that are likely to be
placed in them.



